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a b s t r a c t
The low-energy identification station at SPIRAL (Système de Production d0Ions Radioactifs Accélérés en
Ligne) has been upgraded for studying the β decays of short-lived radioactive isotopes and to perform
high-precision half-life and branching-ratio measurements for superallowed Fermi and isospin T¼1=2
mirror β decays. These new capabilities, combined with an existing Paul trap setup for measurements of
β–ν angular-correlation coefficients, provide a powerful facility for investigating fundamental properties
of the electroweak interaction through nuclear β decays. A detailed description of the design study,
construction, and first results obtained from an in-beam commissioning experiment on the βþ decays
14 O and 17F are presented.
& 2014 Elsevier B.V. All rights reserved.
1. Introduction
The SPIRAL radioactive ion-beam facility has been operational
at GANIL (Grand Accélérateur National d0Ions Lourds) since 2001
[1,2]. High-intensity beams of short-lived isotopes are produced
and delivered to experiments using the Isotope Separation On-Line
(ISOL) technique. One of the unique features of the facility is the
broad range of energetic and heavy-ion stable primary beams that
can be fragmented on thick graphite targets to produce the
radioactive beams. This approach differs from the complementary
method employed at other ISOL facilities where radioactive beams
are produced from reactions of light particles (e.g. protons or
electrons) on a wide variety of heavier target materials. Primary
beams ranging from 12C to 238U can be accelerated using the CSS1
and CSS2 coupled cyclotrons at GANIL to maximum energies of
95 MeV/u and 24 MeV/u, respectively.
Primary beams impinge upon a thick graphite target heated to
temperatures of  2200 1 C. Fragmentation reaction products
diffuse to the surface of the target and effuse through a cooled
transfer tube towards a coupled NANOGAN-III electron–cyclotron
resonance (ECR) ion source. Ions are then extracted from the
source as a low-energy (10–30 keV) radioactive beam. To date, this
target-and-ion-source combination has been the workhorse of the
facility and it is most efficient for producing beams of volatile
elements such as noble gases (He, Ne, Ar, and Kr), in addition to
light halogens and non-metals including several isotopes of
fluorine and oxygen, respectively. An online database of measured
radioactive and stable ion-beam intensities is available and is
updated regularly [3]. An upgrade to the SPIRAL facility is
presently under way that will significantly expand the number
of available radioactive beams [4]. Alkali, alkaline-earth and
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metallic beams will be ionized in a forced electron beam-induced arc
discharge (FEBIAD) ion source [5] and purified using a 1þ/Nþ
charge-breeding system [6]. A surface ionization source has also
been designed and tested [7].
Low-energy radioactive beams extracted from the ion source can
be delivered to in-trap and decay experiments or they can be re-
accelerated to energies of up to 25 MeV/u in the CIME cyclotron for
reaction studies near the Coulomb barrier. A recent review of the
physics programs using re-accelerated SPIRAL beams can be found in
Ref. [8]. In the present paper, we focus on the low-energy physics
programs and opportunities that are already, or that soon will be,
available following the upgrade to the SPIRAL facility. In particular,
modifications made to the low-energy identification station for
studying decays of short-lived isotopes via β-delayed γ-ray spectro-
scopy and for performing high-precision half-life and branching-
ratio measurements for superallowed Fermi [9] and isospin T ¼ 1=2
mirror β decays [10] are described. There are a number of key
isotopes of interest for these studies including 14,15O, 17F, 18,19Ne, and
34,35Ar where yields at SPIRAL are among the highest in the world.
Following the upgrade to the facility, several additional elements and
isotopes will also be produced at sufficient intensities for these types
of studies. The addition of a versatile decay spectroscopy station to
complement the existing setup [11,12] used for measurements of
β–ν angular-correlation coefficients and Gamow-Teller-to-Fermi
mixing ratios in nuclear β decays [13], thus provides a powerful
low-energy experimental facility for investigating the structure and
decays of unstable isotopes and to constrain the Standard Model
description of electroweak interactions.
2. SPIRAL low-energy facility
A schematic representation of the low-energy area of the
SPIRAL facility is presented in Fig. 1. High-energy primary beams
delivered by the GANIL coupled cyclotrons impinge the target-
and-ion-source combination (ECS1). Low-energy ions are
extracted from the source at 10–30 keV and are purified based
on their charge-to-mass ratio using sequential magnetic dipoles
(ICD1 and ICD3) with a total resolving power of Δm=m 1=300.
This resolution is insufficient to completely separate isobaric
contaminants and thus the use of highly charged ions is often
essential for achieving the highest beam purities. Mass-separated
beams can then be delivered to (i) a low-energy identification
station and moving-tape transport system for measurements of
beam purity and intensity (used prior to all SPIRAL experiments),
(ii) a radio-frequency quadrupole (RFQ) cooler and buncher for
injection into a transparent Paul trap for measurements of β–ν
angular-correlations [11,12], or (iii) the injector line of the CIME
cyclotron for experiments with post-accelerated beams [8].
3. Identification station
The SPIRAL low-energy identification station, shown in Fig. 2,
consists of a moving tape transport system that passes through two
principal chambers used for sample collection and decay activity
measurements, respectively. Radioactive beams enter the collection
chamber from the righthand side of Fig. 2 (upper chamber) and can
Fig. 1. Schematic of the low-energy area of the SPIRAL facility. Primary beams enter from the top right of the figure and impinge the coupled target-and-ion-source (ECS1).
Low-energy (10–30 keV) beams of radioactive ions can then be delivered to the identification station or the LPC trap facility for decay measurements or they can be injected
into the CIME cyclotron for experiments with post-accelerated beams.
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be deposited into a Faraday cup for tuning purposes or implanted
into a 35 μmthick aluminized-polyethylene-terephthalate (PET)
collection tape. A single HPGe detector mounted at the collection
chamber, and positioned at approximately 0 1 with respect to the
beam axis, is used for beam purity and intensity measurements. Once
sufficient activity has been collected on the tape, the beam delivery is
interrupted and the sample is moved to the decay chamber (lower
chamber in Fig. 2) that is equipped with a fast plastic scintillator for
β-particle detection and can be surrounded by HPGe detectors for
coincident γ-ray spectroscopy. The scintillation material was chosen
to be BC-404, a scintillator commonly used for fast-counting
applications.
Once the decay counting is completed, the tape is moved to a
tape storage box positioned above the collection chamber (not
shown in Fig. 2). All chambers are interconnected and share a
common vacuum. Blocks of lead mounted below the collection
chamber were designed to shield the plastic scintillator and the
HPGe detectors of the decay chamber from the beam implantation
site in the event that any long-lived daughter activity may
accumulate if some fraction of the low-energy beam were to miss
the tape. To avoid breaking the tape, or from having it become
entangled in the mechanical rollers, the tape speed is operated at
 40 cm=s. The distance between the sample collection point and
the counting position is 70 cm and thus approximately 1.7 s are
required to move and position the sample before the decay
counting can begin. The use of the lower chamber is therefore
practically limited to the study of nuclei with half-lives exceeding
 0:5 s and is therefore suitable to study the majority of the
superallowed Fermi and T ¼ 1=2 mirror nuclear decays with
masses Ar40 [9,10]. For short-lived nuclei produced with insuffi-
cient beam intensities to survive the tape movement, the tape
system can be disabled to allow measurements to be performed in
the collection chamber itself. This configuration was recently
employed to study β-delayed γ ray and β-delayed proton decay
from 33Ar [14], which has a half-life of only 174 ms.
Cycling and tape movements are controlled and synchronized
to the data-acquisition system using a programmable SMC (SPIRAL
Master Clock) module that was developed at GANIL and operates
using the present VXI standard (C size, 13-slot chassis) of the
laboratory. A total of 8 different timing windows can be independently
programmed into the SMC and up to 16 different trigger signals to the
data-acquisition system (DAS) can be enabled or disabled during each
time window according to the particular requirements of the user.
In typical experiments, the cycling-time structure consists of a back-
ground measurement period tb that is followed by a beam-on
collection period of duration tc. The tape is then moved for a period
tm1 to the counting position where the decay activity can be recorded
for a duration td. The final step consists of a second period of tape
movement tm2 to remove any residual activity from the counting area
before beginning a background measurement for the next cycle. The
time required to complete an entire cycle of count-collect-move-
count-move is therefore given by the sum tbþtcþtm1þtdþtm2. With
the exception of tm1 and tm2 that are constrained by the mechanical
speed of the tape-drive motor, all SMC time windows are individually
programmable between 1 μs and 22 h.
3.1. Scintillator thickness and Geant4 simulations
In general, superallowed Fermi and mirror nuclear β decays are
characterized by relatively large decay Q values, between 2 and
10 MeV [9,10]. For β-decay half-life and branching-ratio measure-
ments, detecting the full energy of the β particles is not necessary.
Thin detectors that record only a fraction of the energy are
required to count the absolute number of decays and to provide
a fast logic signal for β-delayed γ-ray spectroscopy. The detector
should be thick enough to ensure that the majority of β particles will
leave sufficient energy in the material so that after amplification
their signals will exceed an electronic threshold. However, if the
detector is too thick, it starts to become sensitive to scattering from
low-energy γ-rays making an absolute β-counting determination
increasingly difficult. A Geant4 simulation [15] was used to deter-
mine the optimal range of scintillator thickness.
Fig. 2. Photograph of the low-energy identification station. Beams of radioactive
isotopes enter the collection chamber (top) from the right and are implanted into
an aluminized-mylar tape. Beam intensities and purities are monitored with an
HPGe detector. The beam is then interrupted and the samples are moved to the
decay counting chamber (bottom) that is equipped with a fast plastic scintillator
and surrounded by two HPGe detectors. After counting the decays from the
sample-of-interest, the tape is then moved to a tape storage box positioned above
the collection chamber (not shown).
Fig. 3. Schematic of the lower chamber of the identification station. The sample is
centred with respect to the geometric center of the plastic scintillator (red).
Additional rollers mounted on the left side provide stability and ensure the tape
orientation and positioning is reproducible. The distance between the sample and
the front face of the scintillator is 10.0 mm.
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The precise geometry and physical materials used in the
construction of the lower chamber (aluminized PET tape, BC-404
plastic scintillator, and aluminum chamber housing) were defined
using the Geant4 materials database. The geometry of the entire
ensemble is shown schematically in Fig. 3. Simulated events
originated from a point source that was located at a depth of
40 nm (corresponding to the mean depth of singly charged Ne ions
implanted at 25 keV) into the aluminum layer of the moving tape
that was centred with respect to the scintillator face. Realistic
decay events were included in the simulations by randomly
sampling β-decay energy distributions that were calculated from
known Q values. For decays with multiple decay branches, several
of these energy distributions with their corresponding end-point
energies and with integrated normalizations corresponding to
known β-decay branching ratios were used. Emission of γ rays
from excited nuclear states and 511 keV annihilation radiation
produced in the case of positron decay were included in the event
generator. Scattering, energy losses, and the interactions between
all β particles and γ rays with the specified materials were
obtained with the simulations.
Several representative simulated energy-deposition spectra are
presented in Fig. 4 using the βþdecay of 18Ne to 18F [16–19] as an
example. This decay is dominated by a 92.1% branch to the 18F 1þ
ground state that has an electron-capture Qec value of 4.4 MeV [20].
Decays to excited states included a 7.7% superallowed-Fermi branch
to the 0þ state in 18F at 1.04 MeV and a 0.2% branch to a 1þ state
at 1.70 MeV [16]. These simulations did not consider the 0.002%
first-forbidden branch to the 0 state at 1.08 MeV [17,18].
In Fig. 4(a), the total energy deposited in the plastic scintillator by
both β particles and γ-ray scattering events from the simulated
decay of 18Ne is shown for a variety of detector thicknesses between
1 and 10 mm. The mean energy recorded in the scintillator and the
total fraction of events whose energy deposition was below the
threshold values of 100, 150, and 200 keV are presented in Table 1.
From these data, the use of scintillators with thicknesses below
 1 mm are not ideal. The majority of events deposit very low
energy in the plastic and there is a significant risk of losing a large
fraction of them once an energy threshold is applied. Another
important consideration concerns the fact that the fraction of events
lost is Q-value dependent. With a common threshold, different
fractions of events will be lost for each excited state populated in
the decay. Knowledge of the precise energy threshold is therefore of
crucial importance for calibrating the detection efficiency of the
scintillator at the level required for precision experiments [21]. The
use of thicker detectors is favored since their efficiencies are much
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Fig. 4. Geant4 simulation results. (a) Simulated total energy deposited from 18Ne decay (Qec¼4.4 MeV) in BC-404 plastic scintillators of various thickness. (b) Simulated total
energy deposited using single β decay distributions of 5 MeV and 10 MeV in the BC-404 plastic scintillator of various thickness. (c) Simulated β energy versus total energy
deposited for 18Ne in a 2 mm thick BC-404 plastic scintillator. Events on the diagonal are those β particles that stop in the scintillator while those below represent β particles
that punch through the detector. (d) Absolute efficiency of BC-404 for detecting γ-ray-only singles scattering events from 18Ne decay (not in coincidence with a β particle) as a
function of energy threshold and scintillator thickness.
Table 1
Simulated energy deposition for 18Ne positron decay (Q¼4.4 MeV) in BC-404
plastic scintillator of various thickness. The final three columns provide the fraction
of the total number of events with energy depositions below 100, 150, and 200 keV,
respectively.
Scintillator
thickness
Mean energy
deposited
Threshold,
Er100 keV
Threshold,
Er150 keV
Threshold,
Er200 keV
(mm) (keV) (%) (%) (%)
1 365.2 1.6 6.4 24.0
2 686.0 1.6 2.6 3.6
5 1319.5 1.5 2.3 3.2
10 1739.4 1.2 1.9 2.6
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less sensitive to the particular decay Q value and discriminator low-
energy threshold.
In Fig. 4(b), the total simulated energy deposited in scintillator
thicknesses of 2, 3, and 4 mm is shown for decays with Q values of
5 and 10 MeV. The similarity between the distributions for the two
different Q values in the 2 mm thick scintillator indicates that the
vast majority of β particles are not stopped in the detector. This is
further emphasized in Fig. 4(c) that shows the energy deposited in
the 2 mm plastic versus the simulated total β particle energy.
As described above, complete β particle energy determination is
not essential for the physics goals motivating the present design.
The detector is primarily required as an efficient β counter.
In measurements of β-decay branching ratios in particular, an
accurate determination of the detected number of β particles is
crucial. As β particles and γ-ray scattering events cannot be
distinguished in the scintillator, the detector cannot be made
arbitrarily thick as its efficiency for γ-ray detection could increase
significantly. False counts in the β spectrum from high-energy
γ rays emitted from β decays to excited nuclear states or from
511 keV annihilation radiation produced from all positron decays
could potentially bias the determination of the branching ratio and
must be corrected for (see Ref. [22], for example). To determine a
practical upper limit for the scintillator thickness, the simulated
βþ decay of 18Ne was again chosen as a representative example.
Two 511 keV photons were added to the Geant4 event generator
for every simulated βþ decay and were emitted back-to-back at
the position of the decay. The emission angle of the first 511 keV
photon was randomly selected over the entire 4π solid angle.
Additional γ rays from excited states in 18F were also included in
the simulations according to the known decay branching ratios
and 18F daughter level scheme. The mean photon multiplicity for
18Ne βþ decay is 2.08 [19], which is entirely dominated by the
511 keV annihilation radiation. Energy losses and scattering of
photons in the aluminized PET tape, the aluminum chamber, and
the BC-404 scintillator were tracked using Geant4.
Scattering of high-energy photons in plastic materials
is expected to result in relatively low-energy deposition
(o100 keV). Quantifying the γ-ray efficiency of the detector
therefore depends sensitively on the choice of energy threshold.
Absolute γ-ray detection efficiencies for γ-only events (those
events where the β particles were not detected in coincidence)
were deduced from the simulations for scintillators of various
thickness and the results are plotted versus the electronic low-
energy threshold in Fig. 4(d). For typical scintillator thresholds of
 100 keV, plastic thicknesses of 5 mm or less ensure that the
γ-ray-only detection efficiencies are below 0.2%. With a detector
thickness of 1 cm, corrections of  0:4% would be necessary,
which is too large to ensure that the γ-ray contribution can be
subtracted from the β-particle spectrum with sufficient accuracy
for high-precision work.
The conclusion of these Geant4 simulations was to construct a
plastic scintillator for the low-energy identification station of
SPIRAL with a thickness between 2 and 4 mm. This would ensure
an ideal balance among the overall β particle efficiency, the
sensitivity of the detector to different decay Q values and low-
energy thresholds, and would minimize the influence of unwanted
photon scattering events. The detector installed for the commis-
sioning experiment (described below) was the BC-404 scintillator
with dimension 4040 mm2 and a thickness of 3 mm.
4. Commissioning experiment
Upgrades to the SPIRAL low-energy identification station for
precision decay spectroscopy are complete. A commissioning
experiment was recently performed using radioactive beams of
14O (delivered as a 12C14O1þ molecule) and 17F that were produced
from the fragmentation of 20Ne primary beam at 95 MeV/u on a
graphite target. The overall beam intensities for this commission-
ing experiment were purposely reduced from the nominal SPIRAL
intensities (see Ref. [3]) in order to ensure that the maximum
counting rate in the scintillator did not exceed 1000 counts/s.
Two HPGe detectors mounted at the location of the collection
and decay chambers were used primarily as a beam monitor and
to ensure the collected activity was properly transported to the
lower chamber, respectively. Preamplifier signals from both of
these HPGe detectors were each split to provide energy and timing
information. The preamplifier signals used for the energy mea-
surements were sent to individual inputs of an Ortec 855 dual
amplifier. The unipolar output was sent to a VXI-based analog-to-
digital converter (ADC). Timing signals from the preamplifier
outputs of the HPGe detectors were amplified using Ortec 474
timing-filter-amplifiers and output signals were discriminated
using Enertec 7174 constant-fraction discriminators (CFD). Logical
output signals from the CFDs were used to provide a trigger for the
data-acquisition system and were scaled using a 32-channel
multi-channel scaler in VXI. A precisely calibrated HPGe detector
from the group at CEN Bordeaux-Gradignan [23] was also installed
at the lower chamber and was positioned at a distance of
149.6 mm from the front surface of the moving tape as shown in
Fig. 2 (bottom left).
The 4040 mm2, 3 mm thick BC-404 scintillator was optically
coupled to two photomultiplier (PMT) tubes (Hamamatsu model
R2248) placed inside the vacuum chamber and biased at 500 V.
Signals from each of the PMTs were extracted from the chamber
and were amplified using a fast amplifier with a gain of 35. Signals
were then split into two branches for energy and time measure-
ments, respectively. The energy signals were delayed by 250 to
450 ns and were sent to a charge-to-digital converter (QDC)
module operating in VXI. The time signals were discriminated
using Enertec 7174 constant-fraction discriminators (CFDs). The
outputs of each of the CFDs were then combined in a logical AND
using a coincidence logic module in order to reduce the overall
noise level for any individual PMT. The AND signal was then
combined with the individual signals from the HPGe detectors to
provide a β–γ coincidence trigger for the data-acquisition system.
The primary triggers used in the experiment were (i) singles
events from the HPGe at the collection chamber during the
beam-on period tc, or (ii) β–γ coincidences between the CENBG
detector and the scintillator during the decay period td. Trigger
events were individually time stamped using a precision clock
developed at GSI (precision of 1 part-per-million) that was
operated at 104 Hz. Throughout the entire cycle, singles events
from all detectors, the master clock, and the master clock vetoed
by the busy signal from the data acquisition were individually and
continuously multi-scaled, time stamped, and read out on a
trigger-by-trigger basis.
4.1. Decay of 14O
The βþ decay of 14O, a well-known Tz¼1 superallowed Fermi
β emitter [9,24], is characterized by the emission of a 2313 keV
γ ray that follows 99.3% of all decays to the 14N daughter. The half-
life, T1/2¼70.620(11) s, has been established to better than
70.02% precision from several different measurements, the most
recent of which is described in Ref. [25]. Radioactive beams of 14O
were produced and delivered to the low-energy identification
station as a 12C14O1þ molecule with an average intensity of
5.4103 ions/s. Cycle times consisted of a 10.0 s background
measurement, a 70.0 s (one half-life of 14O) beam-on collection
period, a 3.0 s tape-movement to bring the collected activity to the
lower chamber, and a 600.0 s period to measure the decays of the
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14O sample. During the 14O part of the experiment, a total of
8 cycles were collected over a period of 1.5 h.
In Fig. 5, activity spectra obtained from the HPGe detectors
placed at the collection (Fig. 5(a)) and decay (Fig. 5(b)) chambers
are shown that are each gated on the 2313 keV transition from 14O
decay. Following the tape movement at t¼83.0 s, small amounts of
residual 14O activity were detected in the HPGe at the collection
chamber. As this detector was not shielded from the lower
chamber, the majority of this activity was due to decays of the
transported sample. This activity could also be either due to
scattered beam that missed the tape during the collection period
or diffusion of implanted CO molecules (a volatile gas) from the
tape itself. The ratio of the activity collected to that remaining after
the tape move thus offers a sensitive test, that can be performed
on a cycle-by-cycle basis, to ensure that the beam is being properly
implanted and transported to the counting area.
The half-life of 14O was determined from the time-stamped
scaler data generated from the signals of the plastic scintillator
that were recorded on a trigger-by-trigger basis. The scaler module
operates independently from the instantaneous live time of the
data acquisition and can sustain count rates of up to 100 MHz [26].
Given the maximum counting rates of 1000 counts/s in the
present experiment, dead-time corrections to these scaler data
were assumed to be negligible. The summed data obtained from
the 8 cycles collected in the experiment and the resulting best fit
that assumed a single exponential decay plus a constant back-
ground term is shown in Fig. 6. The half-life of 14O deduced from
these data is T1/2¼70.45(15) s, a result that is in very good
agreement with previous determinations but is a factor of 5 to
10 times less precise. The overall statistical precision of 70.2%
achieved during this 1.5 h commissioning test could be improved
by an order of magnitude through a dedicated experiment of
approximately 1 week in duration. Such a result would be compe-
titive with the most precise single measurement of this quantity
performed to date [27].
4.2. Decay of 17F
In the most recent data evaluation, the adopted value for the 17F
half-life T1/2¼64.49(16) s [28] is essentially dominated by two
independent measurements that disagree with each other by
approximately 4 standard deviations. In addition, these two dis-
cordant measurements, T1/2¼64.31(9) s [29] and T1/2¼64.80(12) s
[30], were both published in the same year (1977) and a half-life
measurement for 17F has not been repeated in the nearly 40 years
that have elapsed since! In the present experiment, the half-life of
17F was determined using the scaler data from the plastic scintillator
as described above for the 14O measurement. The 17F beam was
delivered to the low-energy identification station as a 17F2þ ionwith
an average intensity of 5.1102 ions/s. Measurement cycles con-
sisted of a beam-on collection period of 200.0 s (approximately 3
half-lives of 17F), a duration of 3.0 s to move the tape, followed by a
decay-counting period lasting 700.0 s. The decay activity curve
obtained from the sum of all 28 cycles collected in the experiment
(7 h of data collection) is presented in Fig. 7.
Evidence for a second decay component with a half-life that is
longer than that of 17F can be clearly discerned from the decay
activity spectrum. As the 17F decay daughter 17O is stable, this
activity must originate from the beam itself as an isobaric
contaminant that satisfies the same charge-to-mass ratio as
17F2þ . From the γ-ray spectrum recorded at the collection cham-
ber, a 495 keV γ-ray transition was observed that is emitted
following the β decay of 17Ne to the first excited state in 17F. Based
on the γ-ray efficiency calibrations and the  0:8% branching ratio
to this particular state [31,32], the beam intensity of the 17Ne
contaminant was deduced to be 1.4104 ions/s. The decay of 17Ne
can then populate the 13N ground state via several β-delayed
α-particle branches that have a combined branching ratio of
2.770.9% [31,32]. The half-life and count rate of this second
long-lived component in the decay spectrum are both entirely
consistent with 13N produced from the decay of 17Ne ions present
in the beam. A fit to these decay data thus included a second
exponential decay component whose half-life was fixed to that of
13N (T1/2¼9.965 min [33]). The individual 17F and 13N decay
components deduced from the fit are overlayed for comparison
in Fig. 7. As the 17Ne half-life, T1/2¼109.6 ms [33], is very short
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HPGe detector located at the implantation site during 14O beam collection.
(b) Decay activity curve for 2313 keV γ-ray gated events recorded in the HPGe
detector located at the lower chamber after the tape movement. Data are summed
over all 8 cycles (1.5 h).
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compared to the 1.7 s required to move the sample to counting
position, its contribution to the decay activity spectrum (both 17Ne
decay and 13N grow in) can be safely neglected.
The half-life of 17F deduced from a fit to these data was found to be
T1/2¼65.1(4) s. A comparison of the present 17F half-life result to that
of previous measurements is shown in Fig. 8. Our measurement is in
very good agreement with that of Ref. [30] and is larger than the value
obtained in Ref. [29] by approximately 2 standard deviations. The
average half-life and statistical uncertainty obtained from all 5 inde-
pendent measurements of the 17F half-life in Fig. 8 is T1/2¼64.58(6) s.
However, the overall reduced χ2 value of 5.9 is still less than
satisfactory and new measurements are warranted. A factor of
5 improvement in the overall precision could be achieved at SPIRAL
in the future by increasing the length of the decay counting period to
better constrain the 13N component and by increasing the experiment
time to approximately 1 week in duration.
5. Conclusion
The low-energy identification station at SPIRAL is operational
and ready for experiments aimed at studying the β decays of
short-lived radioactive isotopes. High-precision half-life and
branching-ratio measurements for superallowed Fermi and iso-
spin T ¼ 1=2 mirror β decays, combined with the existing trap
setup for measurements of β–ν angular-correlation coefficients,
provide a powerful facility for investigating fundamental proper-
ties of the electroweak interaction and testing predictions of the
Standard Model. Simulation results obtained from the Geant4
toolkit were used to guide the design of the decay station and
experimental data collected during an in-beam commissioning
experiment that focused on the βþ decays of 14O and 17F were
presented to highlight the possibilities of this new apparatus.
High-intensity beams of alkali, alkaline-earth and metallic ele-
ments will soon be available following the upgrade of the SPIRAL
facility and offer several new possibilities for future low-energy β-
decay experiments. In the longer-term, this study also represents a
stepping stone towards future developments for decay spectro-
scopy experiments at DESIR [36,37], a major new low-energy
experimental facility that will be constructed at GANIL and is
expected to be operational in 2020.
Acknowledgments
We would like to thank the GANIL data-acquisition and accel-
erator staff members for their hard work and support throughout
the preparation and implementation of these experiments. GFG
would like to acknowledge financial support from the CEA-
EUROTALENTS program. RAEA, GCB, ATL, and KGL acknowledge
support from the Natural Sciences and Engineering Research
Council of Canada (NSERC).
References
[1] A.C.C. Villari, et al., Nuclear Physics A 693 (2001) 465.
[2] A.C.C. Villari, et al., Nuclear Instruments and Methods in Physics Research
Section B 204 (2003) 31.
[3] GANIL online ion-beam database, 〈http://pro.ganil-spiral2.eu/users-guide/
accelerators/chart-beams/〉.
[4] P. Jardin, et al., Review of Scientific Instruments 83 (2012) 02A911.
[5] L. Penescu, R. Catherall, J. Lettry, T. Stora, Review of Scientific Instruments 81
(2010) 02A906.
[6] P. Delahaye, L. Maunoury, R. Vondrasek, Nuclear Instruments and Methods in
Physics Research Section A 693 (2012) 104.
[7] C. Eléon, et al., Nuclear Instruments and Methods in Physics Research Section B
266 (2008) 4362.
[8] A. Navin, F. de Oliveira Santos, P. Roussel-Chomaz, O. Sorlin, Journal of Physics
G: Nuclear and Particle Physics 38 (2011) 024004.
[9] J.C. Hardy, I.S. Towner, Physical Review C 79 (2009) 055502.
[10] N. Severijns, M. Tandecki, T. Phalet, I.S. Towner, Physical Review C 78 (2008)
055501.
[11] D. Rodríguez, et al., Nuclear Instruments and Methods in Physics Research
Section A 565 (2006) 876.
[12] X. Fléchard, et al., Physical Review Letters 101 (2008) 212504.
[13] P. Delahaye, et al., AIP Conference Proceedings 1409 (2011) 165.
[14] N. Adimi, et al., Physical Review C 81 (2010) 024311.
[15] S. Agostinelli, et al., Nuclear Instruments and Methods in Physics Research
Section A 506 (2003) 250.
[16] J.C. Hardy, H. Schmeing, J.S. Geiger, R.L. Graham, Nuclear Physics A 246 (1975)
61.
[17] A.M. Hernandez, W.W. Daehnick, Physical Review C 25 (1982) 2957.
[18] E.G. Adelberger, M.M. Hindi, C.D. Hoyle, H.E. Swanson, R.D.V. Lintig,
W.C. Haxton, Physical Review C 27 (1983) 2833.
[19] G.F. Grinyer, et al., Physical Review C 87 (2013) 045502.
[20] K. Blaum, et al., Nuclear Physics A 746 (2004) 305.
[21] V.V. Golovko, V.E. Iacob, J.C. Hardy, Nuclear Instruments and Methods in
Physics Research Section A 594 (2008) 266.
[22] J.C. Hardy, et al., Physical Review Letters 91 (2003) 082501.
[23] B. Blank, et al., in preparation.
[24] J.C. Hardy, I.S. Towner, Journal of Physics: Conference Series 387 (2012)
012006.
[25] A.T. Laffoley, et al., Physical Review C 88 (2013) 015501.
[26] P. Ujić, et al., Physical Review Letters 110 (2013) 032501.
[27] P.H. Barker, I.C. Barnett, G.J. Baxter, A.P. Byrne, Physical Review C 70 (2004)
024302.
[28] D.R. Tilley, H.R. Weller, C.M. Cheves, Nuclear Physics A 564 (1993) 1.
66.0
65.5
65.0
64.5
64.0
H
al
f-
lif
e 
of
 17
F 
(s
)
T1/2(
17F) = 64.58(6) s
χ
2
/ν = 5.9
[Azu77] [Alb77][Alb72][Woh69]
present
work
Fig. 8. Summary of 17F half-life measurements and comparison to the present
work. References to previous measurements are Woh69 [34], Alb72 [35], Azu77
[29], and Alb77 [30], respectively. The world average 17F half-life and statistical
uncertainty obtained from these data is T1/2¼64.58(6) s with a reduced χ2 value of
5.9 (for 4 degrees of freedom).
103
104
C
ou
nt
s p
er
 2
.0
 s
7006005004003002001000
Time (s)
T1/2 (
17
F) = 65.1(4) s
χ
2
/ν = 1.02
 Counts
 Best fit
 Background 
17F decay
13N decay
Fig. 7. Decay activity for 17F and an in-beam contaminant 13N recorded in the
plastic scintillator summed over all 28 implantation cycles (7 h). The fitted
components from each of the decays plus an overall constant background to the
total activity curve are indicated. The 17F half-life was deduced to be T1/2¼65.1(4) s.
G.F. Grinyer et al. / Nuclear Instruments and Methods in Physics Research A 741 (2014) 18–2524
[29] G. Azuelos, J.E. Kitching, K. Ramavataram, Physical Review C 15 (1977) 1847.
[30] D.E. Alburger, Physical Review C 16 (1977) 889.
[31] J.C. Hardy, J.E. Esterl, R.G. Sextro, J. Cerny, Physical Review C 3 (1971) 700.
[32] M.J.G. Borge, et al., Nuclear Physics A 490 (1988) 287.
[33] F. Ajzenberg-Selove, Nuclear Physics A 523 (1991) 1.
[34] K. Wohlleben, E. Schuster, Radiochimica Acta 12 (1969) 75.
[35] D.E. Alburger, D.H. Wilkinson, Physical Review C 6 (1972) 2019.
[36] B. Blank, et al., Pramana—Journal of Physics 75 (2010) 343.
[37] DESIR website, 〈http://www.cenbg.in2p3.fr/desir/〉.
G.F. Grinyer et al. / Nuclear Instruments and Methods in Physics Research A 741 (2014) 18–25 25
